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DETECTORS 1 


A MODULATED wave is one in which the amplitude, Frequency or phase f a peri dic 
wave carrier is varied in accordance with a modulating signal. — 


MODULATION is the process by which the variation is accomplished. 


DEMODULATION or DETECTION is the process by which the original modulating signal is 
recovered from the modulated carrier wave. Any NON-LINEAR impedance may be used 
for detection. 


An amplitude modulated wave contains the following frequencies: 

(1) The carrier frequency. 

(2) The upper sideband frequency. (carrier plus modulating frequency) 

(3) The lower sideband frequency. (carrier minus modulating frequency) 
The RF and IF stages preceding the detector must be able to pass the carrier and 
both sideband frequencies without attenuation. 


DETECTOR CHARACTERISTICS 


1. SENSITIVITY: The ratio of the peak to peak audio swing to the amplitude var- 
iation of the modulation envelope. It is a measure of detector gain. 

2. SELECTIVITY: A measure of the ability of the circuit to pass desired signals 
and reject undesired signals. 

3. FIDELITY: A measure of the ability of the detector to reproduce the EXACT f rm 
of the modulation in the audio frequency output. 

4. NORMAL SIGNAL STRENGTH: The input signal strength with which the detector is 
normally used. 


Typical diode detector circuits are shown below: 
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2 RECEIVERS 


Arrangement #1 is generally used because it offers all the following advantages: 

1. A negative DC voltage is available for use as an automatic volume control. 

2. The cathode is at ground potential reducing hum pickup caused by leakage between 
cathode and filament. 

3. The circuit is easily adapted to the use of multi-purpose tubes as detectors and 
audi amplifiers. 
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DIODE DETECTOR CHARACTERISTICS 


1. SENSITIVITY: Poor. Detector gain is less than one. 

2. SELECTIVITY: Poor. Diode conduction current loads the tuned circuit. 

3. FIDELITY: Good. Distortion may be kept very low by the use of large signal 
amplitude and by careful choice of circuit component values. 

4. NORMAL SIGNAL STRENGTH: Strong. The diode is able to stand large voltages. 


THE DIODE DETECTORS 3 


On the positive RF signal swing, C charges through the diode and the tank circuit. 
The sum of these two impedances is less than the value of R (Fig. 601-2). When the 
RF signal drops from the peak value, C discharges slightly through the large resist- 


ance, R. A negative voltage is thus maintained on the diode plate until nearly the 
peak of the next RF cycle. When the positive RF swing overcomes the voltage across 
C, the diode will conduct recharging C. The charge across C must leak off suffici- 
ently before the next RF pulse in order that the bias voltage will follow the 
carrier envelope at its maximum slope. These relationships are illustrated in 
Fig. 601-2. 
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The RF ripple present in the outpit of the Diode Detector might be coupled to other 
stages resulting in undesired oscillations. Sicn oscillations may be prevented by 
the use of shielding and an RF filter network such as illustrated in Fig. 601-3. A 
low pass filter will allow the modulation frequency to pass and will shunt the RF to 
ground. The Capacitors, Cl and C2, should have low reactance at radio frequencies 
and high reactance at the modulation frequencies. The series RF choke or resistor 
should have much higher impedance at the RF than Cl or C2. The maximum size of the 
resistor is limited by the amount of audio frequency loss that may be sacrificed for 
the purpose of filtering out the RF. 


Fig. 601-3 shows the diode detector with the addition of an RF filter, and AW filt- 
er and an audio output coupling network. Both C3 and C4 charge to the average neg- 
ative voltage across the load resistor R. On the modulation trough C3 and C4 wiil 
attempt to discharge through R3 and R4 respectively. This discharge current would 
place a negative voltage on the diode plate preventing conduction for a number of RF 
cycles in the trough of the modulation envelope. This would result in clipping off 
the part of the audio cycle which corresponds to the trough or negative modulation 
peak. Such distortion is called NEGATIVE PEAK CLIPPING. In order to minimize the 
magnitude of this effect, the resistors R3 and R4 are made many times larger than the 
value of the load resistor R. 
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DISTORTION IN A DIODE DETECTOR 
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The diode plate voltage plate current characteristic is essentially linear over a 
considerable portion of its extent. However, there is a marked curvature of the 
characteristic for very low plate currents. This curvature of the characteristic 
causes distortion of the audio output. When the carrier amplitude is small, as with 
weak signal reception, this distortion is very marked for all percentages of mod- 
ulation. Increasing the amplification of the signal ahead of the diode detector 
will then reduce the percent distortion produced in the system. 


Distorti n will always be encountered if the modulation factor approaches one, as 
under this condition the trough of the modulation cycle always reaches the curved 
portion of the diode characteristic. 


Distortion resulting from curvature of the diode characteristic may be practically 
eliminated by the use of large signal amplitude and modulation factors of eight 
tenths or less. 


The diode plate resistance, in the conduction region, varies appreciably, but its 
magnitude is never very large. The use of a large resistance for the diode load 
will then make the percentage variation of the TOTAL resistance fairly small. For 
this reas n, increasing the size of the diode load resistor is effective in reducing 
the distortion resulting from the curved diode plate voltage plate current char- 
acteristic. 
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DIAGONAL PEAK CLIPPING 


It is necessary that the diode load resistor be bypassed for the RF signal. Also in 
order to increase the efficiency of detection it is desirable to make the diode load 
resistor as large as possible. There are practical limits imposed upon the size of 
both resistor and capacitor which are a compromise between increased efficiency of 
detection and increased distortion. The bypass capacitor should be of the same size 
as the capacitor resonating the secondary of the transformer driving the diode. 
When this condition is met there is a maximum transfer of energy from the trans form- 
er to the diode and its load. With the size of the capacitor determined in this 
manner, increasing the value of the diode load resistor will increase the time con- 
stant of the capacitor discharge circuit until this rate of discharge may not be 
great enough to follow the modulation envelope at its steepest rate of change. If 
this condition is encountered, diagonal peak clipping will result and the audio out- 
put will be distorted. 


The rate of discharge is determined by the time constant of the load resistor and 
its bypass condenser. The rate of change of the modulation envelope increases with 
increasing modulation frequency and modulation index. Therefore the effects of 
diagonal peak clipping are most pronounced for high percentages of modulation and 
for high frequencies. These considerations impose an upper limit on the value of 
the diode load resistor. Its value should be so chosen that no diagonal peak clip- 
ing results when the highest modulation frequency to be handied by the system has a 
modulation index of about eight tenths. 
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GRID LEAK DETECTOR 


1. SENSITIVITY: Very good. Amplification after detection may be very high. 
2. SELECTIVITY: Fair. Grid current flow produces some loading of the grid tank. 


3. FIDELITY: Poor. Considerable distortion results from detection on the curved 
grid voltage grid current characteristic and amplification on the curved portion 
of the grid voltage plate current characteristic. The circuit is also subject 
to diagonal peak clipping and to blocking on strong signals. 


4. NORMAL SIGNAL STRENGTH: Weak. This detector is easily overdriven, producing 
severe distortion. 


THE GRID LEAK DETECTOR 7 
OPERATION: 


The circuit elements in the grid circuit of the grid leak detector act in subs tanti- 
ally the same manner and are determined by the same factors as are the corresponding 
circuit elements in the diode detector. The GRID CIRCUIT of the grid leak detector 
acts as a DIODE DETECTOR. The non-linear grid voltage grid current characteristic 
is quite pronounced and considerable distortion results from detection in the grid 
circuit. The signal which has been detected in the grid circuit is then amplified 
in the plate circuit. The bias on the grid is only that resulting from the rectifi- 
cation in the grid circuit and is generally small. This places the operating point 
of the tube on a curved portion of the grid voltage plate current characteristic and 
distortion is thus produced in the amplification process. If the RF signal strength 
is great enough, the negative peaks of the instantaneous grid voltage swing will 
extend into the lower curved portion of the tubes grid voltage plate current char- 
acteristic. When this happens, partial plate detection results. This reduces the 
audio output voltage and aggravates the distortion. 


LIMITATIONS: 


In the absence of a signal, the grid current is zero. The detector is then oper- 
ating with zero bias. For this reason the plate voltage in the case of a triode or 
the screen voltage in the case of a pentode must be kept low. This limits the use- 
ful plate swing. The range may be extended by operating the detector from a high 
voltage supply and using resistance coupling or by using transformer coupling and 
inserting a resistor in series with the load and bypassing it for audio frequencies. 
This is the function performed by C3 and R3 of Fig. 601-6. The carrier frequency 
components of the plate current are filtered out by the action of the RF filter, L, 
C1 and C2. 


DISTORTION FACTORS: 

The grid leak detector is particularly subject to distortion. Since the grid cir- 
cuit is the same as a diode circuit it suffers from the same inherent faults. The 
grid leak detector is subject to diagonal peak clipping, and to distortion due to 
operation over the curved portion of the grid voltage grid current characteristic. 
Also strong signals, by increasing the average bias, will block the tube over a 
portion of the modulation cycle, causing severe distortion. The grid leak detector 
is essentially a weak signal detector. This means that the bias rectified in the 
grid circuit will be small and the operating point of the tube will be at the upper 
curved portion of the grid voltage plate current characteristic. Further distortion 
is then introduced in the amplification process. Signals strong enough to swing the 
grid to the lower curved portion of the grid voltage plate current characteristic 
will also cause partial plate detection reducing the output and increasing the dis - 
tortion. 
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PLATE DETECTOR 

R.M.S. T.!. NOVEMBER 2, 1945 

PLATE DETECTOR 
1, SENSITIVITY: Fair. Some amplification, but not as much as in the grid leak de- 
tector. 
2. SELECTIVITY: Good. Very little loading of the tuned circuit. 
3. FIDELITY: Fair. Not as good as the diode, but considerably better than the 
grid leak detector. 

4. NORMAL SIGNAL STRENGTH: Medium. Signal should be strong enough so that the 


region of operation is not confined t the lower bend of the grid voltage plate 
current characteristic, but not so strong as to exceed the grid bias on modula- 


tion peaks. 


PLATE DETECTOR 9 
OPERATION: 


The plate detector employs a sharp cutoff tube which is biased nearly to cut ff. A 
sharp cutoff tube is essential in order to avoid excessive distortion, resulting 
from detection on the lower curved portion of the grid voltage plate current charac- 
teristic. Bias is ordinarily obtained from the use of a large cathode resistor, 
which is bypassed for the lowest modulation frequency to be handled by the system. 
A modulated RF signal applied to the grid will then produce pulses of plate current 
which are approximately half sine waves. The tube is cut off during the negative 
half cycles of the RF grid voltage. The average values of these KF puises increase 
and decrease as the magnitude of the RF envelope increases and decreases under modu- 
lation. The averaging of these RF pulses produces the audio voltage in the load. 
sy RF components of the plate current are filtered out by the action of L, Cl and 


LIMITATIONS: 


The values of signal strength which can be handled by this detector without ob- 
jectionable distortion are severely limited. If the signal strength is weak detection 
will take place on the lower curved sectionof the grid voltage plate current charac- 
teristic. This produces a large amount of distortion. Even strong signals with 
a high index of modulation are distorted from this cause, as operation on the trough 
of the modulation cycle will be over the lower bend of the characteristic curve. 
Very strong signals will drive the grid into the positive grid region on the p aks 
of the modulation cycle. This also results in severe distortion. Satisfactory 
operation will be obtained with signals of medium strength and with modulation 
indices of eight tenths or less. If the signal strength is low enough s_ that the 
grid is never swung positive, the power drawn from the tuned circuit will be negli- 
gible and the selectivity will not be adversely affected. 
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INFINITE IMPEDANCE DETECTOR 
SENSITIVITY: Poor. No amplification. About the same as for the diode. 


SELECTIVITY: Good. No grid current flow for signal voltages up to a peak 
to peak value almost equal to the DC supply voltage. 


FIDELITY: Excellent. A proper choice of R and C permits full modulation with- 
out peak clipping. 


NORMAL SIGNAL STRENGTH: Strong. The signal amplitude that can be handled is 
limited only by the plate supply voltage available. 


INFINITE IMPEDANCE. DETECTOR 11 
OPERATION: 


The infinite impedance detector consists of a sharp cutoff tube biased close to cut- 
off by a very large cathode resistor. The cathode resistor is bypassed for the 
radio frequency but not for the audio frequencies. A modulated RF signal applied to 
the grid will cause pulses of plate current to flow on each positive grid swing. 
The tube is non-conducting on the negative grid swings. The rectified plate current 
increases the bias voltage developed in the cathode circuit, moving the operating 
point of the tube back as the amplitude of the modulation envelope increases. Since 
the cathode resistance is very large, a relatively small change in average plate 
current will produce a large variation in cathode voltage. The result of these 
factors is to limit the grid swings to the lower portion of the tube’s grid voltage 
plate current characteristic, and to produce an audio output voltage in the cathode 
circuit which is practically equal in amplitude to the envelope of the modulated RF 
signal on the grid. If the amplitude of the RF voltage applied to the grid of the 
detector i$ kept large the effect of the curvature of the grid voltage plate current 
characteristic at the point of operation may be made small in comparison to the 
amplitude of the audio voltage produced and the distortion produced in the stage 
will be small. The plate and cathode of this detector are both at RF ground. The 
impedance presented by the tube to the driving circuit under this condition is the 
sum of the grid to plate and the grid to cathode capacities. The tube is then a re- 
active or non-dissipative load on the signal source. The same statement may be made 
for the plate detector. An advantage of the infinite impedance detector is that 
large signal swings may be handled before grid current flows. 


LIMITATIONS: 


Weak signals will be somewhat distorted as the curvature of the grid voltage plate 
current characteristic is appreciable at the low static currents employed in this 
type of detector. As the signal strength is increased the effect, of this non- 
tinearity becomes smaller, and at large signal strengths the distortion is very 
small. One of the main disadvantages of the infinite impedance detector is the fact 
that AVC voltage is not obtainable. Improper choice of constants for the cathode 
circuit will result in diagonal and negative peak clipping, but a proper choice of 
values with regard to the static DC plate current will allow the infinite impedance 
detector to follow the modulation envelope for any modulation index up to nine- 
tenths. 
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REGENERATIVE DETECTOR 


1. SENSITIVITY: Excellent. Largely due to effects of regeneration. 


2. SELECTIVITY: Excellent. 


3. FIDELITY: Very poor. 


4. NORMAL SIGNAL STRENGTH: Weak. 
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601-10 


HETERODYNE DETECTION 1s 


Essentially the same classes of non-linear devices are used for frequency conversion 
and detection of amplitude modulated waves. In each process the waves to be com- 
bined or resolved are applied to circuit elements which have non-linear voltage 
current characteristics. These circuit elements may simply be rectifiers such as a 
diode or copper oxide rectifier, or they may be multi-element tubes operated on a 
curved portion of the characteristic curve.. The output circuit of a modulator is 
arranged to transmit the carrier and its sidé bands. The output circuit of a fre- 
quency converter passes the difference frequency (IF) and its side bands. The 
output circuit of a detector is designed. to respond to current components at the 
frequency of the original signal. In each case the current components at frequen- 
cies other than those desired are eliminated by filtering in the output circuit. 


HETERODYNE DETECTION is a means of detecting modulated or unmodulated signals by 
mixing the incoming signal with a locally generated signal and then applying the re- 
sultant to a non-linear impedance. 


In Fig. 601-10 the two original signals, one of which is periodically interrupted, 
are shown added together point by point. This composite wave is then applied to a 
detector. The current components at the RF and at the modulation or beat frequency 
can readily be distinguished in the diode plate voltage diagram. The undesired RF 
variations are eliminated by filtering and only the audio voltage variation, which 
occurs at the difference frequency between the two original signals, is present in 
the output. 
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THE FIRST DETECTOR 17 


The first detector employs the principle -of heterodyne action to convert the fre- 
quency of the incoming signal to the intermediate frequency. The Modulation of the 


incoming signal is retained as an identical modulation of the intermediate frequency 
wave. 


The manner in which this is accomplished is illustrated in Fig. 601-11. The origi- 
nal incoming modulated wave is shown first. Below it is shown the output of the: 
local oscillator. These two signals are added point by point and the resultant 
signal shows the beat frequency between the two original signals, modulated in ampli- 
tude in the same manner as the modulation envelope of the original incoming sig- 
nal. Detection, and filtering in the plate circuit, will produce this amplitude 
modulated beat frequency in the output as shown in the last line of the Figure. A 
second detection applied to this wave will recover the original modulating fre- 
quencies. ' : , 


The functions performed by the first detector are: 
1. To mix the incoming signal and the locally generated oscillation. 


2. To detect the resultant combined signal. 
3. To separate the desired modulated intermediate frequency component from the 
undesired signal components. 


A first detector in which the local oscillator is a separate tube is called a MIXER. 
The name CONVERTER is applied to a circuit in which one tube performs the functions 
of both oscillator and detector. 


18 


a. 
AMPLIFIER 
860 TO 


’ 
+ OSC. FREQ 


‘/ 1900 - 2150 KE 


GL? MIXER 


RF. 


AMPLIFIER 


850 TO 
Woo KG 


60} 712 
MIXER & GONVERTER  GIRGUITS 
ROVEMBER 9, 1948 


aMs. 


cas 


“FRIQDE HEXOBE GONVERTER 


PENTASEID SONVERTER 


_MIXERS, AND. CONVERTERS 19 
THE 6L7 MIXER: 


Referring to Fig. 601-12, the 6C5 is an Armstrong oscillator. The local oscillator 
signal, present on the grid of ‘the 6C5, causes grid current to flow, producing grid 
leak bias which is also present on grid #3 of the 6L7. The local oscillator signal 
is injected on grid #3 of the mixer tube, and the incoming signal is applied to 
grid #1 of the mixer. Mixing takes place in the 6L7 due to the double modulation of 
‘the electron stream by the incoming signal and thé local oscillator signal. “The 
‘bias’ developed across the cathodé resistor is sufficient to ‘prevent the incoming 
signal from overdriving grid #1. The total bias for the tube holds the 6L7 at pro- 
jected cutoff, and the combined signal is detected inthe plate circuit. The differ- 
ence frequency which is the desired modulated IF signal is separated from the other 
signal components by the tuned transformer in the plate circuit. 


THE 6K8 TRIODE HEXODE CONVERTER: 


The triode section is a shunt fed Armstrong oscillator. The oscillator signal and 
the bias on the oscillator grid will also be present on grid #1 of the hexode mixer 
section, because of the internal connection to the oscillator grid. The incoming 
signal is introduced on grid #3 of the hexode mixer section. Mixing takes place due 
to the double modulation of the electron stream by the incoming signal and the local 
oscillator signal. The total bias places the tube operating point at projected 
cutoff, and the mixed signals are detected. Separation of the IF signal from the 
other signal components takes place in the plate circuit. 


THE 6SA7 PENTAGRID CONVERTER: 


Grid #2 is the anode of a grounded anode Hartley oscillator. Grid #1is the oscilla- 
tor grid. The incoming signal is applied to grid #3. Mixing is due to the double 
modulation of the electron stream by the incoming signal and the oscillator signal. 
The total bias is sufficient to place the operating point at or beyond cutoff and 
detection results. On the positive swing of the oscillator tank voltage, grid #1 is 
driven positive causing the tube to conduct. The cathode is connected to a tap on 
the oscillator tank, and is driven slightly positive by the same positive swing of 
the oscillator tank voltage. While the tube is conducting, the positive voltage on 
the cathode supplies bias for grid #3, preventing the signal voltage from causing 
grid current to f low. “Separation of the IF signal from the other signal components 
takes place in the plate circuit. 


20 OSCILLATOR TRACKING 


Most modern superhetrodyne receivers are tuned by means of a single control. This 
requires special provisions to be made to obtain proper tracking. That is, a con- 
stant frequency difference (IF). between the local oscillator and the RF circuits 
must be maintained as the tuning control is varied. 


Perfect tracking is illustrated in Fig. 601-13. Here an example of a typical 
broadcast receiver is illustrated. The exact frequency difference can not be 
obtained for all positions of the tuning control. This is illustrated by the 
dotted curve of Fig. 601-13 below. 


TYPICAL RF CIRCUIT 
(500 KC-I500 KC) 


TYPICAL OSCILLATOR TRACKING 
AFTER BEST ADJUSTMENTS 
SHUNT 
OSCILLATOR S TRIMMER ONZE CONDENSER 
FREQUENCY FOR CONDENSER 
PERFECT TRACKING 


TYPICAL OSCILLATOR TANK CIRCUIT 
(950KG~-1950KG) 


SERIES PADDER 


SHUNT 
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CONDENSER 


TUNING 
CONDENSER 


FREQUENCY OF R.F STAGES 
(BROADCAST BAND) 


ANOTHER TYPE CF OSCILLATOR 
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TUNING DIAL (OR GANGED CONDENSERS) ROTATION 
SHUNT 

TRIMMER oencen 
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The components used as tuning elements vary with different receivers depending on 
the IF chos n and whether the local oscillator frequency is made above or below the 
carrier frequency. For example, in most broadcast sets and short wave receivers the 
local oscillator frequency is chosen above the carrier frequency. This permits the 
us f a reasonable size tuning capecitor and coil design. As can be seen from the 
curves of Fig. 601-13 the frequency ratio between maximum and minimum values is 


OSCILLATOR TRACKING = 21 


different for the RF range and the local oscillator range. This means that the 
capacity change from maximum to minimum will be different for the two circuits. To 
obtain the proper over-all capacity range in the local oscillator circuit, using a 
normal size tuning capacitor, a ‘padder‘ is added in series with the main tuning 
capacitor. Then in addition small capacitors called “trimmers‘, in parallel with 
the RF and local oscillator main tuning capacitors are used to improve the tracking 
between the two circuits. Trimmers and padders are illustrated in Fig. 601-13. 


Hence a padder in series with the tuning capacitor and a trimmer shunted across the 
tuning capacitor are both needed to assure proper tracking of the oscillator cir- 
cuit. Shunt trimmers are needed to assure tracking of the RF circuits. The oscil- 
lator and RF trimmers are adjusted at the high frequency end of the band for proper 
alignment. The oscillator padder is adjusted at the low frequency end of the band. 


As can be seen from the curves in Fig. 601-13 it is not possible to get perfect 
tracking over the entire band. The amount of imperfection is dependent to a large 
extent upon proper coil design. However, with proper design and adjustment of 
trimmers and padders it is usually possible to obtain the proper IF at three dif- 
ferent points in the band. Tracking in a single band receiver may sometimes be im- 
proved by bending the end plates of the RF tuning capacitor. 


Adjusting of multi-band receivers is similar to that of a single band receiver. 
Usually in multi-band receivers each RF and local oscillator coil will have indi- 
vidual trimmers or padders, making it possible to adjust each band separately. 
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Automatic volume control is used to compensate for variations in signal strength 
such as are caused by fading. It is accomplished by automatically varying the bias 
of the RF and IF amplifiers in such a way as to compensate for the variations in 
signal strength. 


The diode detector in Figure 601-14A is an example of one method of obtaining AVC 
bias voltage. A detected signal produces a voltage drop across Ry which is varying 
at audio frequencies but whose average makes the top of Rj negative with respect to 
ground. The audio filter R3C3 Prevents the AVC voltage from varying at audio fre- 
quency. Hence C3 charges to the average value of the negative voltage across R}- 
Cc; can charge and discharge at a slow rate to follow ordinary fading but will not 
vary its charge with the relatively fast variations of the modulated carrier. The 
time constant RC determines the speed with which the AVC voltage responds. This 
is often made faster for high frequency receivers than for ordinary broadcast sets 
where good fidelity is more important. In all cases an increase in carrier strength 
results in more negative AVC bias and a decreased carrier strength produces a tess 
negative AVC bias. 


The AVC bias is applied to RF and IF amplifiers which use variable-mu tubes. As 
shown in Fig. 601-14B weaker signals are amplified to a greater degree than are 
stronger signals due to the tube characteristics. 


The simple AVC system shown in Fig. 601-14A has the fol lowing disadvantages: 
(a) AVC reduces the receiver sensitivity. 
(b) “Between stations" or with no incoming signal considerable back-ground 
noise will be heard. 
(c) The AVC coupling network causes distortion (negative peak clipping) of 
the audio output from the detector. 
(d) A diode is the only type of second detector that can be used. 
It is possible to eliminate the last two disadvantages by using a separate diode to 
provide AVC voltage. 


Two methods of AVC feed, series and shunt, are shown in Fig. 601-14. In Fig. C, 
R4C4 and RC. form decoupling networks. In Fig. D, Ry and Ry Prevent an RF short to 
ground for the tuned circuits, and the condensers act as DC blocking capacit rs for 
the AVC voltage. 


The use of full AVC in the last IF stage of a high gain receiver and in the first 
detector is not recommended, though sometimes used. The application of full AW to 
the first detector causes oscillator frequency instability and using AVC on last IF 
stage of a high gain receiver results in distortion. Partial or fractional AVC re- 
duces these troubles. By using part of the voltage developed across Ry (in Fig. 
601-14A) fractional AVC can be obtained. 


The sensitivity of receivers which employ a beat frequency oscillator for the re- 
ception of ICW signals is reduced by AVC action because of the large AVC bias built 
up by the BFO signal. Also the intelligence of ICW signals may become distorted by 
AVC action. Most receivers of this type are provided with a means of removing the 
AVC during the reception of ICW signals. : 
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AUTOMATIC VOLUME CONTROL 25 


Fig. 601-15A illustrates the use of a separate diode as an AVC detector which has 
the advantage of reducing distortion in the audio signals due to AVC action. In 
this circuit the capacitor C charges during the positive half of the IF signals 
through the diode. During the negative half of each cycle C discharges through the 
resistor R. This produces a negative voltage across R that varies at the audio fre- 
quency variations of the IF modulated signals. R3 and Cz form an audio filter with 
a time constant that results in C3 charging to a DC voltage which is the average of 
the audio voltage across R. This is used for AVC bias. 


Because of reduced receiver sensitivity due to AVC bias action it is sometimes de- 
sirable to prevent its action during weak signals but still have it function to re- 
duce the gain for strong signals. Delayed AVC is used in this type of design. With 
DAVC the manual receiver gain can be set at maximum value for weak signals and the 
AVC will not function. However, when the carrier voltage reaches a certain strength 
sufficient to overcome the “delay” voltage on the AVC detector the AVC begins to 
function to reduce the receiver gain. Fig. 601-158 illustrates this type of cir- 
cuit. The positive bias voltage in the cathode circuit of the second diode section 
is known as the delay voltage. The diode is cut off until a signal strength which 
is greater than this delay voltage exists. When this signal voltage is great enough 
the diode functions as in any other AVC circuit. 


Amplification of the AVC bias voltage will result in improved AVC action. As shown 
in Fig. 601-15C, a plate detector is used to produce an AVC bias voltage. A plate 
detector circuit may be used to an advantage as an AVC detector due to its inherent 
amplification characteristics. The AVC detector plate is grounded through Rj. The 
cathode is negative with respect to ground. The grid is more negative than the 
cathode and sufficient to cut off the tube. This bias beyond cut-off causes a de- 
laying action for the AVC. The IF signal is coupled to the AVC detector through C. 
A signal strong enough to overcome the negative bias on the grid will cause the 
plate detector to conduct and will produce. a negative voltage across Ry. R3 and C3 
form the audio filter and C3 charges up to the average negative voltage across Ry. 
This charge on C3 is used as the AVC bias voltage. 
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RECEIVERS = GENERAL REVIEW 


The receivers covered in this course are, communication type, for receiving CW, MCW 
and PHONE signals. Waveforms of these three types of signals are shown in Fig. 16. 


(a-1) — NO CARRIER ——+| 


A 


+n) ra oui in AA 


AMPLITUDE MODULATED PHONE (a-3) ; }+-——-_ UNMODULATED ———+ 


Hebe bce Ned oe E 


Fig. 16 Waveforms of three types of emission. 
RECEIVER CHARACTERISTICS 


1. SENSITIVITY: Ability of receiver to pick up weak signals and deliver a useable 
output. 
(a) Determined by signal-to-noise ratio. 
(b) 10 microvolts is the minimum sensitivity for Navy receivers. 
(1) Standard sensitivity is determined by internal noise only. 
(2) Overall sensitivity is determined also by. external noises 
and by the width of the receiver band-pass. 


2. SELECTIVITY: Ability of receiver to discriminateagainst undesired signals. 


(a) Exceptionally good selectivity required in communication receivers. 


3. FIDELITY: Ability of receiver to reproduce incoming signal without distortion. 
(a) Fidelity is sacrificed in communication receivers to improve the sen- 
sitivity and selectivity. 


4. STURDINESS: Ability of receiver to withstand shock and to give reliable service 
under dif ficult operat ing conditions. 


(4) ‘Sturdiness is éssential in 1 military receivers. 


28 COMPARISON OF TRF AND SUPERHETERODYNE 


RF STAGES: 


DISADVANTAGE: 


RF STAGES: 


LOCAL OSC. : 


DISADVANTAGE: 


1. 
2. 


TUNED RADIO FREQUENCY RECEIVER 


Amplify the desired signal. (Pentode tubes). 
Amplification should be linear. (Class A operation). 
Reject undesired signals. (Tuned circuits). 


Produces an RF signal at a frequency about 1,000 cycles ab ve 
or below that of the incoming signal. 
Signal to produce an audible frequency. 


Mixes with the incoming 


(Demodu lation). 
(By-pass filter). 


Removes the audio component. 
Eliminates the RF carrier. 


Amplify the audio frequency signal. 


Simplicity. 
Good sensitivity and selectivity at frequencies lower than about 
800 kes. 


Sensitivity is not constant over any one band. 


SUPERHETERODYNE RECEIVER 
Same as in TRF. 


Generates a sine wave which when mixed with the incoming signal 
will produce a difference frequency which is the receiver inter- 
mediate frequency. 


Produces the IF by mixing the incoming RF signal and the local 
oscillator signal. 


Amplify the IF signal. (Pentode tubes). 
Amplification should be linear. (Class A operation). 
Reject undesired signals. (Fixed tuned circuits). 


Produces a signal at a frequency about 1,000 cycles above or 
below the IF which mixes with the IF to produce an audible fre- 
quency. 

Same as detector in TRF. 

Same as in TRF. 

Better sensitivity and selectivity over entire frequency range. 
Constant sensitivity and selectivity over the entire frequency 


range. 


Image response. 
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Fig. 17 TRF block diagram. 
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Fig. 18 Superheterodyne block diagram. 
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RECEIVER ALIGNMENT 


PURPOSE: T cause all tuned circuits t perate simultaneously at c rresp nding 
frequencies. Alignment is NOT a trouble-shooting procedure. Never try to align a 
receiver unless it definitely needs aligning. F llow any special alignment proced- 
ure given in the manufacturer's instruction book for each receiver. 


ALIGNING TRF, GENERAL PROCEDURE 


SIGNAL _ _ 4 
GENERATOR OUTPUT . 
“METER 


OR 
VOLTMETER 


Fig. 19 Aligning TRF 


Connect the equipment as in Fig. 19. 

Turn off all special circuits (noise limiter, output limiter, etc.) 

Set the receiver gain control at maximum. 

Tune the receiver to a frequency neer the high end of the band. 

Set the signal generator to the same frequency reading as the receiver. 

Adjust sig. gen. attenuator control until output meter reads about % scale. 
Adjust the trimmers in all RF stages and in the DETECTOR for maximum output. 
Reduce input signal as necessary to keep output meter reading on the scale. 


ALIGNING SUPERHET, GENERAL PROCEDURE 
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Fig. 20 Aligning IF transformers. 


Connect the equipment as in Fig. 20. 

Turn off all special circuits (AVC, noise limiter, output limiter, etc.). 
Set the receiver gain control at maximum. 

Set the signal generator to the receiver IF, (See instruction b ok). 

Adjust sig. gen, attenuator c ntrol until output meter reads about % scale. 
Adjust the IF trimmers for maximum output, in the order shown in Fig. 20. 
Reduce input signal as necessary to keep output meter reading on the scale. 
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Fig. 21 Aligning tuner unit. 


7. Connect the equipment as in Fig. 12. 

8, Tune the receiver to a frequency near the high end of the dial. 

9, Set the signal generator to the same frequency reading as the receiver. 
10. Adjust sig. gen. attenuator control until output meter reads about % scale. 
11, Adjust trimmers (5), (6) and (7) for maximum output. : 

12, Set the receiver dial to a frequency near the low end of: the band. i 

13, Repeat steps 9 and 10. 

14, Adjust the series padder (8) for maximum output. 

15, Repeat steps 8, 9, and 10. 

16, Adjust trimmer (5) for maximum output. 


VISUAL ALIGNMENT 


FM is centered at the receiver IF, Audio, depending on 
and is modulated + 10 ke at GO cycles. tf response. | 
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Fig. 22 Typical ho kup f r visual alignment. 
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VISUAL ALIGNMENT 


FM 
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Fig. 23 Visual alignment. 
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SENSITIVITY MEASUREMENTS 


PURPOSE: To compare the receiver sensitivity with a normal rating. Sensitivity is 
rated as the minimum number of microvolts of signal input capable of causing a 
desired value of signal output. The rating differs with various equipments, and in 
each case it is necessary to consult the instruction book. For example, test con- 
ditions for a typical Navy receiver, the Model RBR, are: 


1. SET NOISE REFERENCE LEVEL. 


RECEIVER 


OUTPUT 


OuTPUT METER 


“a 600.0 
>) fe NON ~ INDUGTIVE 


SENSITIVITY OR RF GAIN 
CONTROL 


veut 


NOISE REFERENCE LEVEL 60 MICROWATTS 
Corresponds to .I9 volte 


601 - 24 . : 
(0 db in most Novy equipment} 


owe vl pec e,e4 


Fig. 24 Hookup for setting noise reference level. 


(a) Disconnect the antenna from the receiver antenna post. 

(b) Turn off all special circuits (noise limiter, output limiter, silencer). 

(c) Adjust the sensitivity (RF gain) control so the receiver noise level is equiva- 
lent to 60 microwatts on the output meter. If the internal noise is less than 
60 microwatts, set the RF gain at maximum. 


2. MAKE SENSITIVITY MEASUREMENT. 


SIGNAL 
GENERATOR e====—/t--6 8 8 9 ——==== 


OUTPUT 
METER 


400 uuf 400n 


RECEIVER S66 @) 


STANDARD 
OUMMY ANTENNA 


CALIBRATED 
ATTENUATION 


CONTROL 
DESIRED OUTPUT 


6 MILLIWATTS 
60\- 25 Corresponds to 1.9 volts 


ane ai oaalevaa {20 db above Noise Reference Level) 


Fig. 25 Hookup for making sensitivity measurement. 


(a) Without changing the setting of the receiver sensitivity control, connect the 
equipment as in Fig. 25. If no standard dummy antenna is available, substitute 


a 200 uuf capacitor instead. 
(b) Adjust the receiver and the signal generator to the specified frequency, and 


modulate the RF signal 30% at 1000 cycles. 

(c) Adjust the signal generator attenuator control until the receiver output is 
equivalent to 6 milliwatts on the output meter. 

(d) The reading of the signal generator attenuator control (which is calibrated in 
microvolts) is the sensitivity of the receiver. 
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Fig. 26 Typical RF amplifier. 
STATIC CONDITIONS (NO INCOMING SIGNAL) 


1. PLATE CIRCUIT: 10 ma of plate current flowing through the §,000-ohm decoupling 
* resistor R-4 causes a 50-volt drop which subtracts from the 300-volt supply, 
leaving 250 voits on the plate with respect to ground. 


2. SCREEN GRID CIRCUIT: 
(4) Bleeder resistor R-2 is 20,000 ohms and passes § ma of current. 
(b) Screen dropping resistor R-3 is 25,000 ohms and passes a total cur- 
rent of 8 ma (5 ma bleeder current and 3 ma screen current), causing 
a drop of 200 volts, leaving 100 volts on the screen. 


3. CATHODE CIRCUIT: The cathode (or minimum bias) resistor R-1 is 300 ohms. The 
total tube current of 13 ma through R-1 causes a drop of 3.9 volts, which is 
bias between the control grid and cathode. (The grid is at DC grand). 


TROUBLE SHOOTING ANALYSIS 


1. PLATE CIRCUIT: 
(a) If either R-4 or the primary of T-1 opens: 
‘ (1) Plate voltage and plate current both will be zero. 
(2) Sereen current will increase slightly. 
(3) No voltage drop across R-4. 
(4) Less total tube current causes less voltage drop across R-1. 
(5) The gain of the stage will be zero. Signals may be trans- 
ferred through the stage due to tube capacity. 
(b) If C-3 shorts: 
(1) Plate voltage and plate current both will be zero. 
(2) The voltage drop across R-4 will increase to the total Bt 
voltage, and current flow through R-4 will increase. 
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(3) Sereen current will increase slightly. 
(4) Less total tube current causes less voltage drop across R-1. 
(5) .The gain of the stage will be zero. 


2. SCREEN GRID CIRCUIT: 


(a) If R-3 opens: 
(1) Sereen voltage, screen current, and the voltage drop acr ss 
R-2 and R-3 all will be zero. 
(2) Plate current and total tube current through R-1 will de- 
crease, Plate voltage will increase. 
(3) The gain of the stage will decrease. 


(b) If C-2 shorts: 
(1); Screen voltage, screen current, and the drop across R-2 all 
will be zero. 
(2) The drop across R-3 will be the total Bt voltage. 
(3) Plate current and total tube current through R-1 will de- 
crease. Plate voltage will increase. 
(4) The gain of the stage will decrease. 


(c) If R-2 opens: 
(1) Current flow through R-3 will decrease and the voltage drop 
across R-3 will decrease. 
(2) Screen voltage and screen current both will increase. 


3. CATHODE CIRCUIT: 


(a) If R-1 opens: 
(1) Tube current will cease. 
(2) Plate voltage will be 300 volts. 
(3) Secreenvoltage will be less than 300 volts by the drop 
across R-3 due to bleeder current continuing to flow. 
(4) The gain of the stage will be zero. 


(b) If C-1 shorts: 

(1) Bias on the tube will be zero. 

(2) Plate and screen currents will increase. 

(3) Plate and screen voltages will decrease. 

(4) The control grid will draw current, causing distortion 
which will be more noticeable on strong signals than on 
weak ones. 

(c) If C-1 opens: 

(1) The cathode voltage across R-1 will swing with changes in 
the incoming signal, because changes in plate current which 
previously flowed through the low reactance path provided 
by C-1 now flow through R-1. 

(2) This causes degeneration because the cathode swings posi- 
tive at the same time the control grid swings positive re- 
sulting in decreased output from this stage. 
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VISUAL CHECKS 


1. PURPOSE: To isolate the source of trouble toa defective stage. 


(a) 


(b) 


(¢) 
(4) 


i. PURPOSE: 


Obtain information on the trouble symptoms. Ask the operator some 
questions. For example: Is the receiver dead, or how does it act? 
Did the trouble develop suddenly or gradually? Was the receiver 
smoking, smelling hot, or showing other obvious signs of trouble? 
IF ANY INDICATION SUGGESTS A SHORT OR EXCESSIVE CURRENT DRAIN ON THE 
POWER SUPPLY, LEAVE POWER OFF AND TAKE RESISTANCE MEASUREMENTS. 
Operate the receiver yourself. See if all meters, indicators, and 
controls are operating normally and are properly adjusted. 

Check all external connections (antenna, ground, power, plugs, etc.). 
Remove the chassis and look for obvious troubles (broken tubes, loose 
or broken leads, burnt or charred resistors, leaking wax, mechanical 
defects, fiity insulation, etc.). 


SIGNAL INJECTION 


To isolate the defective stage, if visual checks fail. 


SIGNAL GENERATOR 


mon} unmoo. | 
RFI ORF 


Fig. 27 Signal injection. 


2. PROCEDURE: 


(@) 
(b) 


Be sure there is a ground connection between the receiver and the 
Signal generator. 

Apply signal to test points in the order shown, being sure that the 
signal applied at any p int is f proper frequency, and of amplitude 
comparable to normal signal at that point. Too strong a signal may 
be forced through dead or defective stages. 
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Fig. 29 Signal injection in lst detector and local oscillator. 


VOLTAGE AND RESISTANCE MEASUREMENTS 


1, PURPOSE: To find the faulty PART in a defective stage. 
(a) To be used only after isolating the defective unit or stage. 
(b) REMOVE ALL POWER before taking resistance measurements. 
(c) Compare readings with those previously taken when the equipment was 
OK, or with those in the instruction book (not with tube manual data). 
(1) Allow for the shunting effect of the meter unless using the 
same type as listed in the instruction book. 
(2) Normal tolerance of most readings is + 20%, even when the 
line voltage is correct. 
(d) Use the wiring diagram as well as the schematic in taking point-to- 
point continuity checks. 
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INSTRUCTION BOOKS 


Two instruction books should accompany each equipment. If not packed with the 
equipment, the instruction books may be mailed to the Commanding Officer. Ask for 


them through the Communications Officer. Study the instruction books and the equip- 
ment. Learn all the important points, and know where to find additional details. 
While the equipment is in good operating condition, take readings with the ship's 
own test equipment and compare with those listed in the instruction books. Record 
all discrepancies, and make additional tests if necessary to obtain complete test 
data for future trouble shooting. From the instruction books and the actual instal- 
lation, make your own functional block diagrams, simplified schematics, etc., so all 
technicians in the crew can thoroughly understand the equipment and especially the 
installation aboard ship. 


UPKEEP ROUTINE 


Establish and follow a detailed routine, carefully prepared to fit each unit of 
equipment, from basic requirements determined by: 

(8) BuShips Manual (Manual of Engineering Instructions), Chapter 31. 

(b) Manufacturer's maintenance specifications. 

(¢c) Individual installation. Provide for any special care made necessary 
by unusual exposure to weather or shock, limitations of space, poor ventilation; 
weaknesses discovered in actual use or from equipment history, service bulletins, 
et cetera. 


Record in an appropriate log or equipment history file all inspections, unusual 
performance, casualties, replacement of parts, adjustments, and any other data of 
possible future reference value. Following is a skeleton outline of the very min- 
imum general inspections and tests to be made and logged: , 


(a) DAILY. Test all idle receiving equipment for operation. Make a 
visual check of the antenna system for obvious defects. 


(b) WEEKLY. Check frequency meters for accuracy against Bureau of Stand- 
ards transmissions as per current instructions from Bu Ships. Check all access door 
safety devices. 


(c) MONTHLY. Install a complete set of tested vacuum tubes in one half 
of all receiving equipment. Test replaced tubes and retain satisfactory ones for 
future use. Check radio direction finder calibration curves on at least 5 points 
and at least 3 frequencies, using transmissions from stations on visible or accur- 
ately known bearings. Measure receiver noise level in each band as per current 
instructions from BuShips. Lubricate all sliding mechanical contacts with vaseline 
or non-fluid mineral oil. Follow the manufacturer's recommendations for lubricating 
all rotating machinery. 


(d) QUARTERLY. Make sensitivity measurements of all receivers as per 
current instructions of BuShips. Record in the Receiver Log all results of tests 
before and after any corrective action. Check the operation of volume limiter, 
audio tuning, and all other special controls. Infrequently used switches and con- 
trols may oxidize enough to fail, especially in weak signal circuits. Check the 
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calibration of each receiver for the frequency in use, or for which the receiver is 
standing by. Check inventory of tubes and spare parts, and requisition the neces- 
sary parts to fill the allowance for each equipment. 


(e) ALTERATIONS. Permission from your Commanding Officer must be obtained 
before making any alterations to either the inside or outside of any equipment. 


(f) SPARE PARTS BOXES. . Those furnished with each equipment contain only 
parts that are most likely to fail. Complete or "tender" spares are furnished with 
each 4, 10, or 20 equipments, and usually are kept on a tender or at a supply base. 
Keep spare parts boxes filled to full quota -- an empty or depleted spare parts box 
may mean a Court Martial for the technician. When any part is removed, order a re- 


placement immediately. List all parts removed, and leave the list in the top of the 
box until all parts are replaced. 


SUPPLY WORK 


COMMUNICATION EQUIPMENT INDEX. A record of each unit of equipment must be kept on 
file in the appropriate station aboard. The required data is shown on the sample 
form in Fig. 30. A new book form of equipment log is being issued by BuShips, but 
if the log book is not available cards similar to this sample may be obtained from 
the nearest Radio Materiel Officer (RMO) or Navy Yard. 


Mode! Name of Equipment RA Plo RECE/ VER Serial No, Custody Card No. 
RBB-/ | ano Recririer Power Unir 737 SES 
COMMUNICATION EQUIPMENT INDEX USS RMS. ToL. 
(RESTRICTED) 
‘THE COMMUNICATION EQUIPMENT INDEX AND EQUIPMENT HISTORY MUST BE TRANSFERRED WITH THE EQUIPMENT. 
Contractor PCA Mere. Co; (we. Contract No. 265 
Date of acceptance by 1.N.M. F~ 295-43 Date placed inservice 6 - 26 - FE 
: Guaranteed for: 2— years from acceptance; / Years of service 
Typical form, "Installed by RTA a RMS, Fs ye 
i installati ised b: A red by” 5 
half size. natallation supetvised by R B Q ; Approved Poem, C0. Ks mith Front 
. . “d (j ) orem’. Officer Lieut 


Name Plate Data of Assemblage and Component Parts. (Give location. Use additional blank cards as necessary.) 


Rablo RECEIVER RECTIFIER POWER UMIT 
TVPE CRV 46/47 TYPE CRV 20130 
FREQ. RANGE O.8 7s SMC. SERIAL (56 


INPUT INPUT 
6.3V-bor, I7v- bow, /05¥- oe, Boov-bc| 7 us [iro v-ba~ , 100 WATTS 


30 A. GA. 008A. .07PA. ovrPuT 
G3 bow, (Jr-bow, /05V-2C, 200 ¥-OC 


wr. ¥2 Pounvs SA. 6A. .005A,  .O7PA,. 
WT. 52 Pounes 


. PS.N.Y, 221-44 16M 
Typical form, 
. General Contents Location 
half size. —T__ RESISTORS anp CAPACITORS “|Szoge Room C-40/-A. Back 
TUBES ANG TRANSFORMERS STORERGOM C~¥06-A ac 


Index of Correspondence, Bulletin of Engineering Information Articles, Cireular Letters, etc., pertaining to this 
equipment :— 


Communrearion Fauemenr Marwrenance Buierin, Fire C lsve $ 


Fig. 30 Typical Communication Equipment Index Card, 
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EQUIPMENT HISTORY: This is a continuation of the equipment index record, and may be 
kept conveniently on cards like the sample in Fig. 31, on blank cards, or in the 
equipment log book. The complete index and history record must accompany the equip- 
ment when it is transferred. The history should include a record of the original 
installation, normal readings, maintenance routine, repairs, adjustments, tests, 
inspections, and especially peculiarities of value to other technicians. 


SUBFECT OR PART CONCERNED | DATE 


RQUIPMENT = | , 
ace | LF -AF Unir, 380 IF Stace | 22 Men seet. 
U.3.8. STL 
COMMUNICATION EQUIPMENT HISTORY a 


PABLN-Y. $3146 15M 


Casualty, Defect, or 


Symptoms of Trouble; ECE IYER Smonine — Neo ovreyTr 


}Vypical form, Work Done: CT SBS MOUND SHORTED, CASING cals add BURN OUT. 
half size. Gngiade Tarte, epLACED BOTH FROM SPARES, 
ReceivkR SENSITIVITY FOUND POOR OW ALL BANDS 
REPLACEO WEAK TUBE V-302 AnD PEAKED uP 


ALIENMENT ADJUSTMENTS 1N IF CHANNEL. 


Sensitivity mMeAsuREs OK, 


Ghack Form(s) Apolisable—Incert Rerial No, ead Date Gubmittad| PERSONNEL OM JOS QNAMES AND RATRE) 


ral Form NaS 833 W=327-¢F| Gotu oe, Rreé 


'V | B&A Formas | 9 -27-4 


Fig. 31 Typical Comminicat ion Equipment History Card. 


GUARANTEES: Receiver vacuum tubes are usually guaranteed by their individual manu- 
facturers for from 90 days to 1 year, whether in storage or in actual service. Some 
are guaranteed for a certain number of hours of actual service. Receiving equipment 
other than tubes is usually guaranteed for 1 year of service within 2 years after 
acceptance by the Inspector of Naval Materiel, or for 2 years of service within 5 
years after acceptance. Guarantees may expire before the equipment is installed. 


PARTS FAILURE: The new simplified failure report card shown in Fig. 32 is to be 
filled out and mailed to BuShips according to instructions on the back of the card 
for every failure of parts other than tubes, regardiess of guarantees. 


Front Official Forms NBS 383, about one-third size Back 


DPT MORAY Beat 


eRF-/ 


TTL mowott AO MAME OF MAG ERAPM: 


L Thstom 


‘4 sede previous versions of Navy Form NBS 304 and $A, Praviors ieshuctlops pertalning to the preparation and evhmialen ot | 
these 10 


fartm are bexeg amucted fo aorlarm to curreni procedures. 


1) Joum shal! be uted lo repoit immediately alt felluees (wlislever the couse of elgcttanic equipment parte (1ubes and 
Fe eo ee ee Dey "We copracae toquiod, fl a wile TYPEWRITER PEN, ot Fale oee end com 


Us la indiaats ihe cause and sate of allure; it wil orm the Bawls las unpuovamiela in design and lot gontractua 
pet 


a 
to Bh 


<= Fas ‘colch’ bo in oxdet,” Ajuthaente of oersracte il Pators wil bw ween Suibctined sopvecsataiven of the 
RESISTOR 
tae a A 7 flattens tasa Ugh a 4. HSONMORUAL lout nacht to Un po ela ocendare th SECURITY RAGUATION TYPE ged MODEL DUNIGHA- 
: a aie NOD confident 
hanes dabitg TTT [Siggy ho | Sak Sa ARIS g OA Ee, BECAUSE OF § This repo a NOT a pequinion: seplaverents tue bo ard d fram yout Teodor, Supply Cesch Bauly Obtcer, or Rado Mataral Oltoes, 
a ia le ae mrs" Q@VERAOAD AFTER C- 39S sw to dagcz-bo TYPE OF FAILURE, (this procedure will permut ailuce caatyate by 1B machines.) 
To ais cwcmnn [orton 77 | chan aw sone me al 
SHORTED, i 
ta enn Cy ity [geri vincit [ra ait teen a ; 
CD ansuatcine ¥ i AIFE 1OR MONTHS, WL 1d are damped og the holy of hase of qumranteed tybet. The dale of acomplance by the 
ees eee toy i To ee on aang ihe lube, tad ahnuld by teporied 
eA OF Pa R BEHELD. | Same FAILURE cCouRRED ONCE | vedate bond not be vupsiied 
s ples. +g TSP siTiON GF MATERIAL — AN omapany ls tot ie ue sordanos witk sneting Ralvage and Secure Regn 
ars ; a BEFORE ON H- 27-48, : Tonoms (My items uved (7 eelginad tor oftrval » Kurwlompplier) "la the cove af opcenave falluses of O97 
ee RET tig tat delay pubeniting thie iyrm—Lasert 1s envelepe—Foal— Mail) SEP deeale ELL Sl partiontae jlom, eaesitl Qube wil ba taben by the B rk anmpion for ex gminaiton 
‘COMTDIOE ACSAR OH RIVERS SDE : + race 


Fig. 32 New Official Parts Failure Reports, NBS 383. (Rev. 3-45) 
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REQUISITION FOR REPLACEMENT PARTS. Immediately after making a replacement from the 
spare parts box, requisiti n a duplicate part frm the ship’s Supply Officer. 
If the parts are carried in stock by the ship’s supply department, they may be 
obtained immediately with a stub requisition, S and A Form 307 (See Fig. 35), If 
the parts are not carried by the ship, the technician mist fill out S and AF rm 303 
shown in Fig. 33, or at least must furnish the Supply Officer with the equivalent 
technical informatien. From this, the Supply Officer makes out an official requi- 
sition. The surest way of getting the parts is for the technician t take the 
approved requisition personally to the nearest tender, supply pool, or Navy Yard, 
and bring the parts back with him. Otherwise the Supply Officer will send f r them. 
Oniy enough parts to fill the ship’s quota will be supplied for any one equipment, 
List parts for each equipment separately. Any part ordered for unofficial equipment 
will cause the entire requisition to be canceled. File in your Communication Equip- 
ment History a record of requisition similar to the sample shown in Fig. 34. 


MEMORANDUM REQUEST FOR REQUISITION AND STUB REQUISITION 
or 
MEMORANDUM REQUEST FOR SURVEY 


Dept. (or offices). Date 27.Mat. LILY 


Stub No, 


Te ls requested that « Requisition/SpareGy be prepared for the following article or services: 


Quantity Required If REQUISITION—Give detailed epecitcstions fos oe 
Quantity Required Unie SIT: ive epecifical such item end reason if requesting noa- 
IF SURVEY—Give reasons therefor, and Custody Card No. and incation. 


Official Form 
S and A 303, 
half size, 


Spare part box No. ......£. 
JOON ado ycek ls 
Replacement is/P-e desired. 


Fig. 33 Official Request for Requisition for replacement parts. 


RECORD OF REQUISITION FOR COMMUNICATION MATERIAL 
(RESTRICTED) 

Attach thia form to related Equipment History Sheet. uss. RMS, TL, 

TAB to be removed only after this form ia completed. 


PABNLY. 821-4 15M 


Material te be Ordered From: 


Navy Yard tn MARE JS, 


Suan aeor 
2, 
See, 738 youn Doe, KT. ty ee fen Rector 
Open Purchape__---.-.-.-.. niet 
i DESCRIPTION: (This Description should be a Carbon Copy of Description given on S. and A. Form No, 303.) 
Typical form, 16 -R-633b0 J Me, RESISTOR, FIXED, CARBON, 4700 onms t10f%, 
; : ; 
half size. 4ZWATT, INSULATED, TYPE BT 
ITEM No. 65, RCA OWE. PART No. 
K- €5098/~Jo, scHEm, SYMBOL R-3/9 
RBB-/ RADIO. RECEIVER, SERIAL 738 


RCA MFG. Co, (Ne. 
CAMDEN, Ma. 


RECEIVED ON BOARD AND INSPECTED 
By: | ‘Date: | Comdition 


_ 


Fig. 34 Typical record of requisition. 


RECEIVER SERVICING 


VACUUM TUBE FAILURE: Receiver and general purpose tubes costing less than $5.00 may 
+e replaced from spares without special report. Replacements should be requisi- 
tioned immediately from the ship’s Supply Officer on S and A Form 303 (Fig. 33). 
WORK REQUESTS: When radio or other equipment needs repair or servicing beyond the 
scope f the ship's own facilities, ea work request signed by the head of the depart- 
ment and approved by the Commanding Officer must be submitted to the tender or Navy 
Yard, Unless the tender or yard furnishes blank forms, this work request may be in 
*h: rcosm of an official letter, and must contain the following information: 


(a) The ship from which it comes. 

(b) The dates between which the ship will be available, and its location. 
{c) The bureau having cognizance (BuShips for all electronic equipment). 
(d) Whether the work is urgent repairs, desirable repairs or alterations. 


(e) A complete and easily understandable description of the work required 
Usually the work must be done by men who are unfamiliar with the ship 
or the complete installation on which the repairs are to be made. 
Therefore, it is very important that all necessary information be 
Biven in sufficient detail. Drawings, blueprints, sketches and other 
references should be included wherever they will aid in the explana- 
tion. 


(1) If a defective unit or part is to be repaired separately, 
it is best to take the unit and the approved work request 
personally to the tender or yard so that any additional 
information the repair shop may need can be given promptly. 


(ft) What assistance the ship's force will provide, and who will be avail- 
able for consultation or supervision. 


(g) A statement that the work is beyond the scope of the ship's force. 


(h) The signatures of the head of the department and of the Commanding 
Officer. 


¥csnever possible, the tender or Navy Yard should be notified well in advance of the 
date actual repairs are requested, especially if the ship must be docked during 
repair. : 


Ihe responsibility of the technician in prepa. ing work requests will vary with the 
size of the repair job and of the ship. In any case, the technician must furnish a 
clear and exact description of the technical requirements of the job, written in a 
manner that workmen in other trades can understand. 
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MISCELLANEOUS SUPPLIES. Any supplies or parts carried in stock by the ship's 
general store room (GSK) may be drawn with a Stub Requisition, S and A Form 307, 
signed by the head of the department requesting the supplies. Regular equipment 
spare parts usually are turned over to the radio department and are stored near the 
equipment, but GSK may carry some of them, or may have equivalent stock parts. 


5. & A. Form No. S07 
‘Ravieed Ape 1088 


ee 


By euithority of Head of Department. 


4TAL00 


fo. om Crass No, Exraxnow 


Ners, BRASS 


aesenene hevasescnnnns 


Of ficial Form 
S and A 307, 
half size. 


Received the above material. 


Isavep pr: 


Charged on Ledger, . 
Allotment charged, —......-...—. aes. 


Fig. 35 Official Stub Requisition for Miscellaneous Supplies. 


OBSCURE TROUBLES IN RECEIVERS ~ 


‘These are troubles which cannot readily be detected by abnormal current, voltage, 
or resistance readings. Important symptoms and causes are: 


1. LACK OF SENSITIVITY, due to: 
(a) Defective coupling (open coil or coupling capacitor). 
(b) Misalignment. 
(c) Faulty connections (high resistance joints or corroded joints). 
(d) Defective tubes which check good on tube checker. 
(e) Defective parts, especially intermittent defects. 


2. OSCILLATION: 
(a) The combination of an incoming signal and an undesired oscillation in 
the receiver IF stages may produce an audible beat note. As the 


receiver is tuned nearer to the incoming frequency, the pitch of the 
beat note will decrease. 


(b) Interference between two stations also may cause an audible beat note 
in the receiver output, but in this case the pitch of the note will 
not change as the receiver is tuned. 

(c) The removal of the antenna, or insufficient antenna, may decrease the 
receiver input loading enough that the energy fed back from following 
stages may cause oscillation. 

(d) Interstage coupling between plate and screen circuits, or unintended 
feedback in any circuit may cause oscillation. 


(e) Excessive plate or screen voltage may cause some stages to oscillate. 


aa 
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IMAGE RECEPTION (SUPERHETS ONLY): The frequency of the interfering signal 
differs from that of the desired signal by twice the IF of the receiver. When 
mixed with the output of the local oscillator, both incoming signals produce the 
receiver IF, and both are reproduced. Causes are: 

(a) Insufficient selectivity in the RF stages. 

(b) Poor shielding. 

(c) Excessively strong interfering signal. 


INTERMITTENT RECEPTION: This usually is due to momentary shorts or opens in 
transformers, resistors or capacitors; leaky capacitors, high resistance con- 
tacts or joints, etc. May be caused by: 
(a) Voltage breakdown of insulation. 
(b) Expansion of parts from heat. 
(¢) Mechanical failures such as broken leads, poor connections, loose 
shielding, bent capacitor plates, etc. 


When checking for obscure troubles or intermittent operation, take nothing for 
granted. Check everything thoroughly and systematically. 


1. 


NOISE: 


TESTS TO DISTINGUISH BETWEEN INTERNAL AND EXTERNAL NOISE: 

(a) Disconnect the antenna lead-in, and short the receiver antenna and 
ground terminals. A reduction in noise indicates that external noise 
is picked up by the antenne. 

(b) If the noise remains, remove the ground lead to eliminate the pos- 
sibility that the ground lead is feeding in noise. 

(c) If the noise still remains, it is either entering through the power 
supply or is being generated within the receiver. 

(1) Internal noise may be isolated by removing and replacing 
tubes one at a time. 


INTERNAL NOISE: May be caused by: 
(a) Thermal agitation, mainly in carbon resistors. 
(b) Shot effect due to uneven or irregular space current in vacuum tubes. 
(¢) Microphonic effects, mainly from mechanical vibration of tube ele- 
ments. 


The amount of internal noise in the first RF stage determines almost entirely what 
the standard sensitivity of the receiver will be. 


4. 


EXTERNAL NOISE: 
(a) Natural, due to atmospheric conditions such as electrical storms 
or "static", 
(1) No practical method of eliminating natural static has been 
discovered. 
(b) Man-made, due to buzzers, blinkers, switches, relay contacts, medical 
apparatus, motors, generators, etc. / 


METHODS OF ELIMINATING NOISE: 
(a) The most effective method of tracking down the noise source is to 
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station one man at the receiver to note any change in noise, while 
another man starts and stops each piece of equipment and checks any 
other possible source. 

(b) After the noise source has been found, check the offending equipment 
to make sure it is operating properly and does not require adjustment 
or overhauling. 

(1) If noise persists when the offending equipment is in good 
condition, a filter will be necessary. 

(2) Filters should be placed as close to the noise s urce as 
possible. 


EQUIPMENT EQUIPMENT EQUIPMENT 


e 3 a 


VIBRATOR 
CONTACTS 


é LINE LINE 4 LINE og 


ene © ® ® } 


Fig. 36 Typical noise filters. 


TYPE 1: Capacitors alone are easy to install, and usually are sufficient for small 
equipment where the noise is not of high amplitude. Commm sizes of capacitors for 
all four types of filter are from .1 to 2 pf, with voltage rating at least twice the 
operating voltage. 


TYPE 2: Inductances alone are much less effective, but can be improvised easily, 
and may help considerably if no suitable capacitors are available. The inductances 
must have sufficient current-carrying capacity and insulation, should have high 
impedance to noise frequencies but low impedance to the line frequency. 


TYPE 3: Combined series inductance and shunt capacity is by far the most effective 
line filter. This type may be made resonant to eliminate even high amplitude inter- 
ference at any one frequency. More sections may be added if necessary. 


TYPE 4: This resistance-capacity combination is very effective for suppressing arcs 
at contacts such as relay, buzzer, vibrator, etc. The resistor must have ample 
wattage rating, and approximately one ohm per volt. Less resistance suppresses the 
noise better, but causes the contacts t burn. 
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RBB AND RBC RECEIVERS 


COMPARISON OF RBA, 
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DC POWER DISTRIBUTION OF RBA RECEIVER 
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VARIABLE-MU TUBES FOR GAIN CONTROL: Used in RF amplifiers so the gain or sensi« 
tivity may be varied by changing the bias, either Manuaily oi with AVS, 


SHARP 


REMOTE 
CUTOFF 


CUTOFF 
(VARIABLE MU) 


OUTPUT 


te eneeae 


Fig. 42 Comparison of the characteristics of remote and sharp cutoff pentodes, 


REGENERATION: Decoupling networks are necessary to prevent voltage surges or signal 
p tentials from coupling from one stage to another through the common impedance of 


the power supply. The ratio of the reactance of C to R at the lowest signal fre- 
quency should be approximately 1. to 10. 
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Fig. 43 Decoupling filters to minimize feedback through the power supply, 
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PURPOSE: To improve the overall sensitivity and selectivity of the receiver. 


LILLLLLN LL LLL LL LL LL) 
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RGA LOW PASS FILTER Z-I01 


FREQ = 2 2 8=———s«dN 1300 1500 
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Fig. 44 Basic and RBA audio filters. 


54 NOISE LIMITERS 


The purpose of a noise limiter in a radio receiver is to suppress strong noise 
impulses of a short duration such as those caused by sparking contacts and atmos- 
pheric static. A good noise limiter will enable the operator to obtain intelligence 


fror the signal under adverse conditions. 
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Fig. 45 Shunt type noise Limiter. 


1, GENERAL CIRCUIT CONDITIONS: 

(a) V1 is the second detector. 

(b) V2 is the noise limiter diode. 

(c) With a signal present C will charge up to the average negative voltage 
at point A. The voltage charge wu: C is applied to the plate of V2. 
The plate voltage on V2 will not vary with modulation. 

(d) The cathode voltage of V2 will vary with modulation as shown above but 
V2 will not conduct as long as the cathode voltage is less negative 
than the plate voltage. 


2. OPERATION: 

(a) Under normal conditions, no noise present, the noise limiter diode, 
V2, will not conduct and the audio signal is coupled to the next stage. 

(b) A noise pulse strong enough to drive the cathode negative in respect 
to the plate (the plate voltage is fixed to the charge on C) will 
cause V2 to conduct. 

(c) When V2 conducts the noise pulse will be shunted through the diode and 
C to ground. 

(d) The noise voltage pulse applied to the output will be limited to a 
value that causes the diode to conduct. 


3. RESULT: The limiting of str ng noise pulses will improve reception. 
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Fig. 46 Series type noise limiter. 


1. GENERAL CIRCUIT CONDITIONS: V-306B (pins 5 and &) is used as a s@ries type 
noise limiter, so named because the diode is in series with the audio path and 
must be conducting for the audio signal to pass. 


2. OPERATION: 
Normal signal, no noise peaks: 


(a) The voltage drop across the 2nd detector load resistors R-347 and 
R-348 causes the plate of V-306B to be positive with respect to its 


cathode. 


(b) V-306B will conduct and will remain conducting under normal signal 


conditions. 


Signal with high noise peaks: 


(a) The voltage drop across the 2nd detector load resistors R-347 and 
R-348 increases sharply during noise peaks. ss 

(b) R-345 and C-320 form a filter network to prevent the voltage on the 
cathode of V-306B from changing instantaneously. 

(c) The voltage on the plate of V-306B follows the instantaneous changes 
in voltage across R-348, and swings sharply negative with respect 
to the cathode so V-306B will not conduct during the noise surge. 

(d) With V-306B not conducting, the audio line is open for the duration 


of the noise surge. 


3. RESULTS: The receiver output is turned off during the brief noise periods and 
in some cases during part of the modulation cycle which causes some distortion. 
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Fig. 47 RBL Receiver output limiter. 


PURPOSE: To limit all audio peaks to a definite maximum value determined by 
the setting of the OUTPUT LEVEL control R-120. 


OPERATION: Normal signal condition (no limiting action): 
(a) R-120 is so adjusted that both halves of the 6H6 limiter tube V-105 
are conducting all the time, thus allowing the audio signal to pass. 


_ OPERATION with limiting action: 


(a) A positive swing in signal on the plate (pin 5) of V-105 increases 
current flow through R-118. The cathode (pin 4) of the other half 
of the tube now will be positive with respect to its plate (pin 3), 
causing this half of the tube to be non-conducting and to open the 
audio line for the remainder of the positive peak of signal. 

(b) A negative swing in signal causes the plate (pin 5) to become neg- 
ative with respect to its cathode (pin 8), causing this half of the 
tube to be non-conducting and te open the audio line for the remain- 
der of the negative peak of signal. 


RESULTS: Both the positive and negative signal peaks are Jimited by the push- 
pull action of the double diode, thus maintaining a practically constant utput 
for signal inputs exceeding normal strength. This circuit is very effective in 
limiting high instantaneous peaks of noise. 
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Fig. 48 RAO output limiter 


1. PURPOSE: To limit peaks of audio signal and noise above a value determined by 
the setting of Limiter control R-158. 


2. OPERATION: 

(a) The limiter tube must be conducting at all times to pass audio vari- 
ations. Audio variations of the current flowing from cathode to grid 
of the limiter and down through the grid resistor produce an audio 
voltage across R-118 which is applied to the audio-frequency amplifier. 

(b) The setting of R-158 determines the amplitude of negative voltage on 
the limiter cathode. 

(c) Positive signal swings which exceed the value of negative voltage on 
the limiter cathode will cause the limiter tube to stop conducting, 
thus opening the audio line during high positive peaks of signal or 
noise. 


3. RESULTS: Since this type of limiter affects only the positive peaks of signal, 
the action will not be as great as in a limiter which functions on both halves 
of the audio cycle. However, this circuit is effective in limiting high 
instantaneous peaks of noise. 
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Fig. 49 RBB output limiter. 


PURPOSE: To limit the output of the receiver toa level determined by the set- 
ting of the OUIPUT LEVEL control. (Reception switch. in CW-OL position). 


GENERAL CIRCUIT CONDITIONS: Two diodes operating as a full wave rectifier are 
shunted across R-350, the plate load resistor of V-308. V-306A limits the 
positive peaks, and V-309A limits the negative peaks. 


OPERATION: 

(a) The OUTPUT LEVEL control R-363B varies the cathode potential of 
V-306A: from 0 to approximately +65 volts. 

(b) V-306A and V-309A are connected in series between ground and the 
positive voltage determined by the setting of R-363B. 

(c) The average voltage at point X will be approximately half the voltage 
applied to the cathode of V-306A. 

(d) Since point X is in the audio path, any changes in audio voltage 
greater than the average voltage at point X will cause V-306A to con- 
duct on positive peaks, and V~309A to conduct on negative peaks. 

(e) The limiting action comes from the shunting effect the diodes have 
on the plate toad resistor R-350 of V-308. The more the diodes 
conduct, the lower their plate to cathode impedance, and the greater 
the shunting effect on R-350. 


RESULTS: The receiver output is held constant for wide variations of input, 
and instantaneous noise impulses are limited. 
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RECEIVER SILENCER CIRCUITS 


NOISE SILENCER 


SWtTCH 
be ar 
— R6 
601-50 5 ee =o ceeeneey eda 
TBS-RECEIVER SILENCER 


RMS Th JANUARY 4, 1946 


PURPOSE: To eliminate background noise from the receiver while awaiting the 
transmission of a signal. To make the receiver audio section inoperative when 
no signal is present at the antenna while the receiver is turned on. 


GENERAL CIRCUIT CONDITIONS: Noise silencer switch open. 
OPERATION: With no incoming signal the AVC action increases the ampli- 
fication of electrical interference noises. Noise voltages are developed 
across R2 and are coupled to the grid of the 6C6 through C2. Class A bias 
for the 1st AF stage is developed across R5. The noise will be amplified 
and heard in the receiver output. An incoming signal also will be heard in 
the receiver output. 


GENERAL CIRCUIT CONDITIONS: Noise silencer switch closed. 
OPERATION: (Noise present, no signal): C4 and C3 charge to part of the 
positive voltage across R3 and make the grid of the 75 tube slightly posi- 
tive. The 75 tube plate current flows down through R8 and increases the 
6C6 bias. The 6C6 plate current cuts off thus preventing the noise from 
getting through to the receiver output. 


OPERATION (Strong signal tuned in): A large negative voltage produced 
across R2 by the signal causes C4 and C3 to discharge and recharge to the 
opposite polarity. The negative charge on C3 cuts off the 75 plate current 
flow reducing the bias on the 6C6. The 6C6 is unblocked and the audio 
signal is amplified in a normal manner. 


NOTE: The noise silencer should not be used while tuning for signals (in vari- 
able tuning receivers) because: (1) weak signals will not get through the re- 
ceiver and (2) the operator may tune past the station before the receiver has 
had time to unblock. The noise silencer should not be used during the reception 
of CW signals. 
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Fig. 51 RBB silencer circuit. 


1. PURPOSE: To render the audio section of the receiver inoperative when no 
signal is present at the antenna. 


2. GENERAL CIRCUIT CONDITIONS: V-308 is a DC amplifier used as a control tube for 
the silencer diode V-309B (pins 5 and 8). V-309B serves as a switch in series 
with the audio line. When conducting, V-309B allows the audio signal to pass. 
When V-309B is not conducting, the audio line is open. 


3. OPERATION: No-signal condition: V-308 conducting maximim. V-309B not conduct- 
ing, so the audio line now is open. 
(a) Ahigh positive voltage is applied to the cathode of V-309B. 
(b) The setting of the SILENCER control R-369 is such that V-308 conducts. 
(c) V-308 plate current through R-351 causes sufficient drop across R-351 
to keep the plate of V-309B negative with respect to its cathode. 


SIGNAL CONDITION: V-308 not conducting. V-309B conducting. 

(a) The negative signal voltage developed across the detector load 
resistors R-347 and R-348 drives the control grid of V-308 to cutoff. 

(b) No current through R-351 allows the voltage on the plate of V-309B to 
become positive with ‘respect to the cathode. 

(c) V-309B now is conducting and the audio line is closed. 

(d) R-358 and C-372 form an audio filter to prevent the negative bias on 
the control grid f V-308 from varying at the audio rate. 


4. RESULTS: The silencer circuit prevents noises from being heard between messages 
when the receiver is tuned to a station that transmits only intermittently. 
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Fig. 52 RBEB front panel controls. 


RECEPTION SWITCH OF RBB RECEIVER 


63 


“"D-MD JO MD ‘GOW SUOTzTSod ear, 30 auo Aue UT YOJTMS NOT IGIOG 4 ™ 


AMeino 
Pore 


w3LWT 
194100 
ALLYON 


T3sMa- TEA 
2avg ates 
Sua 2 Tae 
#9 Oye 8 ONZ 
NdlLe3334 
E-vOE-S. 
BLT 
18200 


S3NOHd 
BLCWaY 


afaLac 


° 


COTRA— ZO%A 

‘9¥Ns —— 10bA 

AlddNS — U3MOd 
BaldLoae 


3LTINDIY ACOZ+ 
ASOT+ 


Too" —— TER 
2@v9 -— IEA 


sua aan 
ALIALLO9 19S 

ovane 

S0ts 


7159 — B0EA 
yan dy 


9eNG -— 10bA 
AideS YaMOd 


wal stay 


90g AODE+ 


ALIMLD aS 
a 0-M3 


NOt 394a 
z-poe S 


eo} 


WAAR Lng ino 


wait 
3$10N 
208-8 


° 


TASS ZOER 
yaldling 


Nod 3938 


FOVIVOA DAG TWwileed 


431 1RO7 
3SION 


wOu9TL IC 
ayz 


Jaatecay Gu oS *3Ty 


vest 939 z 


Zava—— fOIn 
HOLY T7950 


40193190 
Asi 


Us awY 
AT OMe 


—— 
ABNOR TAN 


ZEVS— EOIN 
HOLVT119$0 


40193130 
4st 


ALIA LDITES GVA 


ZASS — 20th 
L4S9 —— IOTA 

SHaNaITAWT, 
ay ONE @ 1st 


*JaaTa0ay AA JO UOTINGTIASTp Jemod OI gg “31a 


RECEIVER SERVICING 


64 


INA Y3AI3934 


435 003Z, 


“Ns-oa¥-g08 9 
Snv-aon S 


vouytod 9 uy 
fu Sapunng — 

va60d 70-MA9) U 
ansidury ofpny — 


LINN ATddNS YIMOd 


2 Se asoey 
yaa = 
ingino 


1a 


‘A008 


eID ps0 LING “WOHIEOO » GNYA U YAoUR BAboIS du 


GANG SWITCHES 65 


_ ROTATING 
CONTACTS 


ROTATING _ 
CONTACTS 


PERMANENT 
+—-— ELECTRICAL. 
CONTACTS 


ROTATING 


BAND SW'TCH 


PEAMANENT — ELECTRICAL 
PcONTACT FOR THIS | SECTION 
i 


A 
\ 


\ 


<O- 
~ 
Ds 


ERMANEN! ELECTRICAL 
CONTACT FOR THIS SECTION 


MOD.—AV.C.~SIL.@—~@—- > & ! 
| x i 
! % } 
ee 

: ee ! 


MOD.- AVG @& 


ROTATING 
CONTACTS 


RECEPTION SWITCH 
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Fig. 57 RBB Receiver, simplified schematic, with IF Section drawn in 
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Fig. 58 RB GAIN control. 


1, PURPOSE: To provide for manual control of the receiver gain to avoid over- 


1 ading the RF and IF stages with strong incoming signals. 


2, GENERAL CIRCUIT CONDITIONS: The gain of the RF and IF amplifiers is controlled 


by varying the cathode potentials, and eonsequently the bias. 


3, OPERATION: 


(a) R-361A and B are part of a bleeder network between ground and Bt. 
(1) Rotating R-361 so the potentials on the cathodes are more 
positive applies more fixed bias and causes a decrease in 


sensitivity. 


4, RESULTS: The GAIN control permits the operator to adjust the receiver sensi- 
tivity to compensate for unusual ‘values of signal strength and background noise. 
This provides better reception over a wider range of signal strength than would 


be possible with only automatic control. 
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Fig. 59 RBB RADIO SELECTIVITY control and compensating circuits. 


PURPOSE: To vary the IF band-pass, and consequently the overatl sensitivity 
and selectivity of the receiver, for different types of reception. 


GENERAL CIRCUIT CONDITIONS: A wide band-pass gives broad selectivity and less _ 
sensitivity, but passes the widest band of audio frequencies. The width of the 
IF band-pass depends on both the coupling between primary and secondary of the 
IF transformers, and the Q of the circuits. The physical construction of all 
four IF transformers is the same as that shown for T-304. The selectivity of 
all IF stages is controlled from the RADIO SELECTIVITY front panel control 
through the ganged switches S-306, S-307 and S-308. id 
OPERATION: 

(8) BROAD position: Maximum coupling’ is used, and a 22-ohm damping 
or Q-lowering resistor is switched in series with each secondary to 
provide a wide band-pass. This position usually is best f rprelim- 
inary tuning and voice reception. 

(b) MEDIUM position: Medium coupling and only 10-ohm series resistors 
are used to provide a medium width band-pass. 

(c) SHARP position: Minimum coupling and highest Q are used t provide 
the narrowest band-pass. This position is used primarily for CW and 
MCW reception. 

(d) The capacitive voltage divider C-302 and C-304 equalizes the receiver 
output between MEDIUM and BROAD positions. 

-(e) The tap on the primary of the last IF transformer equalizes the 
receiver output between MEDIUM and SHARP positions. 


RESULTS: By controlling the band-pass of the IF stages, side band noises may be 
reduced, and the overall sensitivity and selectivity of the receiver increased. 
The compensating circuits give practically a constant receiver output for all 
three positions of the RADIO SELECTIVITY control. 
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Fig. 60 RBB delayed AVC and input meter. 


DELAYED AVC 
1. PURPOSE: To allow full amplification of weak signals, but to automatically 
reduce the gain of the receiver for stronger signals. 


2. GENERAL CIRQUIT CONDITIONS: A separate diode detector V-305A (pins 3 and 4) 
is used to obtain AV voltage. 


3. OPERATION: 
(a) Weak signal condition: 
(1) V-305A not conducting. 
(2) No negative voltage developed across R-355 and R-338. 
(3) No AVC voltage being applied to any of the stages. 


(b) Strong signal condition: 
(1) V.305A conducting on positive half cycles of IF signal. 
(2) Rectified IF current flows through the AW diode load 
resistors R-355 and R-338, producing a voltage drop which 
is negative with respect to ground. 


(c) 
4. RESULTS: 

(a) 

(b) 
1. PURPOSE: 


tuning the 


RBB DELAYED AVC AND INPUT METER on 


(3) This negative voltage is applied, through the filter R-354 
and C-342A, to the control grids of the ist and 2nd RF and 
the 1st and 2nd IF amplifiers. 

(4) The smaller negative voltage across only R-338 is applied 
to the control grid of the Ist AF amplifier as partial AVC. 

(5) The AVC voltage increases in amplitude with an increase in 
signal strength. 


Delay action: 
(1) The positive voltage across R-325 and R-32] is applied to 
the cathode of V-305A as delay bias, to prevent AVC action 
until the signal exceeds a predetermined level. 


AVC automatically regulates the output of the receiver according to 
the strength of the incoming signal. This helps to overcome the 
effects of fading, and prevents strong signals from blasting in while 
the receiver is being tuned. 


The delay action permits the receiver to operate with maximum sensi- 
tivity for the reception of weak signals. 


INPUT METER 


To provide a visual indication of the input signal strength to aid in 


receiver, 


2. GENERAL CIRCUIT CONDITIONS: The input meter M-302 operates in the cathode 
circuit of the 1st IF stage, will deflect only when AVC action is taking place, 
and is calibrated in db above 1 microvolt. 


3. ° OPERATION: 
(a) 


(b) 


(¢) 


(d) 


(e) 


Tune the receiver approximately to the desired signal. 
Detune from the signal to remove AVC action. 


Rotate ZERO SET control R-321 until the input meter reads zero. In 
this condition, the potential across the meter is balanced; the drop 
across R-309 equals the drop across the lower part of R-321. 


Retune to the signal. AVC voltage applied to the control grid of 
V-301 will allow less current to flow through V-301 and R-309. 


Less voltage drop across R-309 unbalances the voltage across the 
input meter, causing deflection. The stronger the incoming signal, 
the greater the deflection of the meter. 


4. RESULTS: Maximum deflection of the input meter indicates that the receiver is 
tuned correctly to the incoming signal. The meter is more accurate than theear. 
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RE GAIN” wax 


Fig. 63 RAO Receiver tuning meter. 
1, PURPOSE: To provide a visual indication to aid in tuning the receiver. 


2, GENERAL CIRCUIT CONDITIONS: AVC action must be operative, and the manual RF 
gain control rotated to the extreme clockwise position (maximum gain). 


3, OPERATION: 

(a) With the antenna connected, but the receiver not tuned to a signal, 
the screwdriver adjustment of R-155 is initially set so the potential 
across the bridge is balanced and the meter reading is zero. 

(b) As the receiver is tuned to a signal, AVC action causes a reduction 
in current through the 2nd IF tube. The plate voltage of this stage © 
increases, unbalancing the potential across the meter and causing it 
to deflect, 

(c) The more nearly the receiver is tuned to the incoming signal, the 
greater the deflection of the tuning meter. , 


4. RESULTS: Maximum deflection of the tuning meter indicates that the receiver is 
tuned correctly. This method is more accurate than tuning by ear, 
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1. PURPOSE: In most selective supe rhe trodyne receivers, especially those emp loy- 
ing AVC, it is quite difficult for the operator to tune the receiver to exactly 
the frequency of the incoming signal. Even with the receiver properly tuned 
there is apt to be a certain amount of drift of the lo¢al oscillator frequency 
due to line voltage fluctuations or temperature and humidity effects. The 
latter case is especially true at high frequencies. An automatic frequency 
control (AFC) system is used to correct these defects in tuning. 


2. COMPONENTS NECESSARY: An AFC system mist include a device capable of determi- 
ning how much the IF varies above or below its proper value. This is called 
a discriminator. This device will produce a DC voltage output whose magnitude 
and polarity varies in accordance with the deviation of the IF signal fr m the 
resonant frequency of the IF stages. The DC voltage developed by th discrimi- 
nator is used to vary the frequency of the local oscillator. This is d ne by 
using the DC voltage to vary the bias on the grid of a vacuum tube called a 
control or reactance tube. This reactance tube is connected int the 1 cal 


oscillator circuit such that when its plate current varies it will change the 
apparent inductance of the LC resonant circuit of the local oscillator. The 
amount that the apparent inductance of this circuit is varied is proportional to 
the magnitude and polarity of the DC voltage fed to the grid of the reactance 
tube. By this method it is possible to tune the local oscillator automatically 
in the direction which will correct the IF to its proper value. The block dia- 
gram below shows a typical AFC system. 
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THE DISCRIMINATOR: Below is shown a discriminator circuit which is conmonly used in 
modern receiving sets employing AFC: 


Ey -~ AFC 
VOLTAGE TO 
REACTANCE 
TUBE GRID. 


IF. SIGNAL 


6,10,, 86, SHORT GIRGUIT 
TO I.F. SIGNALS. 


EQUIVALENT GIRGUIT SHOWING HOW EQUIVALENT GIRGUIT OF RECTIFIER NETWORK. 


gE APPEARS ACROSS L, Bl, AT LF, 


601-65 
TYPICAL DISGRIMINATOR CIRGUIT 


Rus v1 NOVEMBER 13,1945 


Consider first the transformer whose primary and secondary are tuned to the proper 
IF, The capacitors Cy C, and rr are large enough to offer a very low reactance 
path t IF signals. Therefore, the primary voltage, E,, across Ly. is also present 
across the radio frequency choke, ly: This is showninthe equivalent circuit above. 


As a result of the mutual or inductive coupling between the primary and secondary, 4 
voltage will be induced in the secondary coil Le + Lz. This will be designated as 
ES ad’ The phase relation of this voltage with respect to the primary voltage Ey, 
will be essentially independent of the frequency. Ei nd will cause a current I, to 
flow through the tuned circuit comprised ofL, + L3, Cy, and the resistance present in 
the circuit. The secondary will appear as a resistive, inductive, or capacitive 
load to E; 14 depending on the frequency of the voltage impreased across the primary. 
E, and Ey will be 180 degrees out of phase with respect to the center tap of the 
transformer, and 90 degrees out of phase with the current I,. 


The rectifier network secti n will produce, through diode action, a positive DC 
voltage at A and C with reapect to the center tap between Ry and Ry. This is shown 
in the equivalent circuit f the rectifier network. 
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Ey and Eo will add together vectorily across the diode D,, resultingina DC voltage, 
Eapy across Ry- In like manner E, and E. will add together vectorily and pr duce a 
DC voltage Ecg across Ro- The. resultant of these two voltages will produce Ey: th 
DC output voltage of the discriminator. E, is applied as a bias voltage t the grid 
of the reactance tube. 


ACTION OF DISCRIMINATOR AT RESONANT FREQUENCY: 
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601-66 

DISGRIMINATOR ACTION 

AT RESONANT FREQUENCY 

{VOLTAGE OUTPUT ZERO) Coa aierone 
Core T.1, NOVEMBER. 14, 1948 : AND OUTPUT. 


1. In all the vector diagrams in this discussion the resistive components (or vec- 
tors) have not been shown. The resistance in the circuit is a function of the ‘Q' f 
the transformer as well as the effect of the rectifier network load. These factors 
eontrol the amount I, lags or leads Ei nd’ For this discussion some arbitrary value 
Jnas been assumed in constructing the vector diagrams. 


2. It will be assumed that there is a 180 degrees phase shift through the trans- 
former. 

a. Ey, the voltage across the primary or the RFC, Lg, will in all cases be used as 
the reference vect r. The length of the vectors are arbitrary. 


4. A study of the vect r diagram above and the circuit diagram of Fig. 601-65 will 
reveal that the vector sum of Ey. + E, is equal t E, + E3 in magnitude. Therefore 
DC voltage developed across Ry and Ry will be equal and opposite. The resultant AFC 


v Ltage, E,) will be zero. 


~ 
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ACTION OF THE DISCRIMINATOR ABOVE RESONANT FREQUENCY: . 


= 
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REFER TO CIRCUIT DIAGRAM FIG. 


601-67 
DISCRIMINATOR ACTION fautacenesaeeaa 
ABOVE RESONANT FREQUENCY OF DIODE SECTION 


ANO OUTPUT. 


CE, 1S NEGATIVE) 
RMS Tot. NOVEMBER 18,1945 


1. Comparing this diagram with Fig. 601-66 the change in the relative magnitudes of 
the vectors with change in frequency has not been shown. The primary purpose being 
to illustrate the phase shift of Ey and E3 with respect to Ey. Actually the more 
the IF differs from the resonant frequency the greater the output of the discrimi- 
nator. The output varies from zero at resonant frequency to a maximum at the limits 
of the band pass characteristics of the circuit. Beyond these limits the output 
decreases very sharply and the AFC ceases to function. The range over which this 
system will function is also governed by the band pass characteristics of the stages 
preceding the discriminator. If more then one signal is present within the limits 
mentioned, the discriminator will select that signal which will produce the greatest 
output. This is dependent on the strength of the signal and the amount its fre- 
quency varies from the resonant frequency. The band pass characteristics of this 
circuit is primarily a funetion of the transformer design, and the reflected load of 
the rectifier network into the primary. 


2. Above resonance the secondary of the transformer appears as an inductive load 
causing I, to lag Ei ad’ The amount I, lags depends upon the amount the IF differs 
from the resonant frequency. The voltage developed across the bottom diode Ep?’ is 
greater than Ep1° the voltage across the top diode. Therefore, the DC voltage 
across Ry will exceed that across Ry and the resultant AFC voltage out will be 


negative with respect to ground. 
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ACTION OF THE DISCRIMINATOR BELOW RESONANT FREQUENCY: 


VOLTAGE AGROSS BOTTOM HALF 
/ OF TRANSFORMER. 


\ 
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~ 
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60i-68 . 
DISCRIMINATOR ACTION 
BELOW RESONANT FREQUENCY 
EQUIVALENT CIRCUIT 
(E, 1S POSITIVE) OF DIODE SECTION 


i TPUT 
RMS, TI. MOVEMBER § 21, 1945 ANBUION 


1. Below resonance the secondary of the transformer appears as a capacitive 1 ad 
causing I, to lead ind’ The amount which I, leads Find depends upon the amount the 
IF is below the resonant value. 


2. A study of the vector diagram will reveal that the summation of the voltages a- 
cross the top diode is of greater magnitude than the summation of the voltages across 
the bottom diode. 


3. Therefore, the voltage drop across R, will be greater than across Ry, and the 
resultant AFC voltage E, will be positive with respect to ground. 
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REACTANCE TUBE: Below is shown a circuit diagram of a typical reactance tube. The 
equivalent diagram shows only those elements which are important to the discussion 
of the action of the circuit. 
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1. The frequency of the local oscillator is controlled primarily by the LC combi- 
nation in its grid circuit. Neglecting other small factors which influence the 
resonant frequency, the formula that shows the relationship between L, C, and the 


resonant frequency f. is 
f. = van SIC 


2. Any variation in the inductance. L, will change the resonant frequency. Based 
on the fact that the current through an inductance lags the voltage across the in- 
ductance, it is possible to produce the effect of changing the inductance of the 
coil by passing a lagging current through it, 
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3. In the oscillating state an AC voltage E is built up across the oscillator 


osc’ 
tank circuit as indicated in the equivalent circuit of Fig. 601-69. Referring to 
the vector diagram, Fuse will be used as the reference vector. 
4. Eosc causes a current I to flow through the branch including R and C. R is made 


large compared to the capacitive teactarce composed of C and the grid to cathode 
capacitance, Coz, of the tube. Therefore, { will lead Eose by a few degrees as in- 
dicated in the vector diagram. 


5. The AC voltage, Eo: developed across C by I, will lag I by 90 degrees. 
6. This AC voltage from grid to cathode will cause an AC plate current to flow 
which is in phase with this grid voltage Ey and is represented by the vector I,° 


7, [his plate current can be split into two components, one in phase with Eose' and 
the other 90 degrees lagging Eos’ The magnitude of this plate current is governed 
by the mutual conductance of the tube and will vary with the grid bias on the tube. 
This requires the proper self-biasing of the tube to operate on the lower curved 
portion of the egcip characteristic curve. Hence, the in-phase component and the 


quadrature component will also vary with the grid bias voltage. 


8. This plate current flows through the inductance of the oscillator circuit and 
therefore the tube may be considered in parallel with the oscillator tank circuit. 


9. The in-phase component of I. is equivaient to a resistor across the inductance 
of the tank circuit of the oscillator. That is, a resistor placed across the coil 
would draw the same type (in-phase) of current through the coil. Therefore, the re- 
actance tube tends to load the oscillato: circuit and the load will vary with the 
grid bias on the tube. 


10. The 90 degree lagging componer.t draws the same type of current through the coil 
of the oscillator as a pure inductence would draw if placed across the coil. Hence, 
the reactance tube can be considered also as an inductance in parallel with the 
oscillator coil. The value of this apparent parallel inductance will vary with the 
bias voltage on the grid of the tube. 


11. By connecting the output of the discriminator to the grid of this reactance 
tube, the grid bias will vary in accordanee with the LC AFC voltage output of the 
discriminator. The magnitude of the place current, I_, will vary accordingly. 
Hence, the value of the apparent inductance in the oscillator tank circuit will 
change with the change in the discriminator output. This change will be in such a 
direction as to correct the local oscillator frequency to the proper value. 


12. The reactance tube is always present across the tank coil so that a certain 
value of inductance is present as determined by the cathode bias when the AFC volt- 
age is zero. Then when an AFC voltage is developed, the apparent inductance in- 
creases or decreases above or beiow this zero-voltage-value depending upon the 
magnitude and polarity of the AFC voltage. 
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PURPOSE: A detector which has extremely high gain characteristics for the reception 
of MODULATED RF signals usually in the VHF range. 


SENSITIVITY: Extremely high. 


SELECTIVITY: Poor, due to the large number of side-band frequency components 
present. 


FIDELITY: Poor. Due to the ‘quenching’ action and the non-linear detecting charac- 
teristics, there is considerable audio distortion in addition to the amplification 
of background noise. This type of detector is limited primarily to speech modulated 
signals. 


OPERATION: 

(1) In a super-regenerative detector the regenerative coupling between the plate 
and the grid circuits of the tube is great enough so that self-sustained oscil- 
lations can be produced. However, these oscillations are periodically quenched by 
applying to the circuit an alternating voltage having a frequency much lower than 
that of the oscillations. A sine wave or square wave can be used for this quenching 
voltage or by the proper choice of circuit elements it is possible to produce a 
self-quenching circuit. In all cases the circuit must be properly adjusted for 
optimum quench frequency and quench voltage in order to obtain the high gain pos- 
sible from a regenerative circuit. The build-up of oscillations are initiated by 
any+signal present in the grid circuit. The rate at which oscillations build up is 
a function of the amplitude of the initiating signal. By utilizing this property it 
is possible to reproduce in the output of the detector a voltage which will vary 
approximately in accordance with the amplitude of the modulations of the received 
signal. The three important methods of operation are: one, allowing the oscillations 
to build up to @ maximum before quenching; two, quenching before maximum is reached; 
and three, self-quenching. 


(2) In Fig. 601-70(A) a typical super-regenerative detector circuit is shown in 
which a square wave voltage varies the plate supply above and below the critical 
oscillation point which starts and stops the oscillations periodically at a low RF 
rate, such as 25KC, An example of how oscillations might build up in the grid cir- 
cuit during the positive cycle of the quench voltage is illustrated in Fig. 601-70(B). 
Oscillations will start only during the positive half of each quench voltage cycle 
and then only from some initiating pulse or signal present in the grid circuit. 


(3) No Signal Present: During the condition when no RF carrier Signal is being 
received, the build up of oscillations is started by any thermal agitation, shot 
effect, or random noise voltage present in the.circuit. As illustrated in the wave 
forms of Fig. 601-70(C), oscillations start at irregular times during the positive 
cycles of the quench voltage. The size of the initiating voltage (noise voltage in 
this case) and the time during the positive half cycle at which it occurs, de- 
termines how fast and at what value oscillations build up in the grid tank circuit. 
As these voltages occur at random, the amount of plate current will vary in rough 
proportion resulting in a hissing noise in the output of the receiver. This random 
effect is illustrated in Fig. 601-70(C). It can be seen that the average plate 
current which is a function of the area beneath the envelope of the RF current 
oscillations, will vary at random when oscillations are initiated by noise pulses. 
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(4) Modulated RF Signal Present: When the RF signal has a greater amplitude than 
the random noise signal, it then becomes the initiating pulse and the noise or hiss 
present is suppressed to some extent. The starting of thé oscillation and the rate 
at which they build up is a function of the amplitude of the initiating pulse or in 
this case the amplitude of the modulated signal present. Referring to the curves 
drawn in Fig. 601-70(C), the area beneath the envelope of the oscillating plate 
current during each positive pulse of the quench voltage is roughly proportional to 
the amplitude of the modulated RF signal at that instant. Hence the AF developed is 
roughly a reproduction of the modulations of the original RF signal. 


MISCELLANEOUS DATA AND LIMITATIONS: 

(1) The use of a separate oscillator for quénching purposes may be eliminated if 
the. grid leak resistor is increased to a size that will result in intermittent 
oscillations. The size of the grid resistor should be such that the quench fre- 
quency will be far above the audible frequency range. Such a detector is.called a 
sel f-quenched super-regenerative detector. The theory of operation for this de- 
tector is slightly different than that for a separately quenched super-regenerative 
detector in that the strength of the received carrier helps to determine the quench 
frequency, and the variation in this frequency caused by the modulation changes in 
carrier strength, results in an audio output from the detector. 


(2) All super-regenerative circuits are characterized by higher sensitivity for 
weak signals than for strong ones. The ever present hiss in the output makes its 
use impractical for broadcast use, but this type of detector has a tendency to sup- 
press external noise-peaks. Also the circuit coupled to an antenna will radiate, 
causing undesired interference. It is useful for the amplification of VHF where 
ordinary methods of amplification cannot be emploved. ; 


